The health of migrants in the UK and their access to healthcare is of considerable policy interest. There is evidence of ethnic inequalities in health and access to and use of healthcare but insufficient consideration of the importance of birth abroad and length of residence in the UK. This study examines indicators of health status, behaviour and healthcare use among mothers of infants in the Millennium Cohort Study, according to whether born in the UK or abroad, individual ethnic grouping, and length of residence. Our findings show there are both positive and negative health indicators associated with ethnicity, birth abroad, and length of residence and presenting results on a single factor in isolation could lead to a misinterpretation of associations. For mothers ethnicity has an important relationship with most health indicators independent of country of birth, length of residence and socio-demographic circumstances. Once adjusted for ethnicity and socio-demographic variables, association with birth abroad disappears for most health outcomes suggesting that there may not be an independent migrant penalty in health. There is a linear trend in decreasing health status with increasing length of residence but no independent association between length of residence and healthcare use. This suggests that while there are continuing barriers to good health for migrants in the receiving society as shown in other studies, factors important for one health outcome may not apply to another. Our findings challenge linear acculturation models for migrants' health in showing that a linear trend in improving socio-economic circumstances for mothers in some ethnic groups is not always associated with better health outcomes or changes in health behaviour. Our results point to a need for a comprehensive collection of information and analysis for all categories of migrants for understanding patterns of and factors underlying health and use of healthcare.
Introduction
The health of migrants in the UK and their access to healthcare is of academic, policy and practitioner interest. There has been a rise in net immigration over the last few decades that has resulted in a greater share of non-UK born people in the total population. Non-UK born people made up about 11% of the total UK population in 2008 (Office for National Statistics, 2009 ). The diversity of migrants in the UK today in terms of countries of origin, ethnicity, socioeconomic circumstances, religion, legal status and length of residence, has significant implications for their health status and needs, and entitlement and access to healthcare.
This paper examines the relationship of some of these factors with the health of mothers of infants, through analysis of data from a national population-based study. It adds to previous research on such mothers by throwing light on the association between being a migrant (birth abroad), ethnicity, length of residence in the UK and socio-demographic circumstances, and their health status, health behaviour and healthcare use.
Background
The health of migrants is a key indicator of 'integration' within receiving societies, alongside employment, education and housing (Spencer & Cooper, 2006) . UK research evidence on the health of migrants, particularly recent migrants, is patchy, with greater focus on minority ethnic groups some of whom are UK born (Piachaud, Bennett, Nazroo, & Popay, 2009; Fitzpatrick, Jacobson, & Aspinal, 2005) . Ironically, since the early 1990s when ethnic group information collection in the Census began, there has been a reversal of the situation in the 1970s and 1980s when mainly only country of birth was recorded, such that the emphasis recently has been on providing a complete account of ethnic variations in health data, for example in hospital and primary care data (Richardson & Mmata, 2007; Warburton, 2008) . However, existing evidence does not always include country of birth and date of arrival in the UK.
Not surprisingly, current health policy, which relies on routine and population survey data, primarily focuses on ethnic inequalities. The government's Public Service Agreement (PSA) target to reduce health inequalities focuses on achieving improvements in cross-cutting social determinants of health. The evidence is mainly given by ethnicity, rather than including country of birth and date of arrival for migrants, apart from mortality statistics where only country of birth is recorded (Acheson, 1998; Health Inequalities Unit, 2008) . The evidence for ethnic inequalities in health is well documented (Commission for Healthcare Audit and Inspection, 2008; Marmot et al., 2010; Sproston & Mindell, 2006) . However, the literature on ethnic inequalities in health is often separate from evidence and policy concerns about the health of migrants; the latter being focused more specifically upon the association between source country conditions, the trauma of the migration process and issues around entitlement to care and the health of asylum seekers and refugees, or on the prevalence of particular diseases such as Tuberculosis or HIV (Health Protection Agency, 2006; Piachaud et al., 2009) .
Our focus in this paper is on mothers of infants (under one year), for whom there is evidence of ethnic inequalities in health. A study in England found that Black and Minority Ethnic (BME) women accessed antenatal care later than White women, and were less likely to report offer and uptake of screening for Down's Syndrome and to feel they were treated with respect by health professionals. Non-UK born BME women compared to UK-born White women were less likely to be offered antenatal classes and reported less access to care options. All and specifically non-UK born, BME women were significantly more likely than White women to report poor health postnatally (Redshaw, Rowe, Hockley, & Brocklehurst, 2007) .
The most recent Confidential Enquiry into Maternal Deaths (CEMD) in the UK shows that in 2003e2005 Black African mothers, followed by Black Caribbean and Middle Eastern mothers, had significantly higher death rates than White mothers. Higher percentages among minority ethnic mothers who died than among White mothers, reported late booking (>22 weeks) or no antenatal care, and in the total number of maternal mortalities, the percentage of mothers who spoke no English was relatively high. Of the 35 Black African mothers who died, 4 were UK citizens, the rest mainly being recent migrants including asylum seekers and refugees. The report notes the rise in numbers of recent migrants among mothers who died since the last confidential enquiry, including for the first time, mothers from EU Accession countries (Lewis, 2007) .
A national population study revealed that Black African and Black Caribbean women in the UK had more than double the risk of severe maternal morbidity than White women, a pattern that is similar to ethnic differences in maternal death rates. Non-White women had a significant increased risk of severe morbidity than White women even after adjustment for other factors (Knight, Kurinczuk, Spark, & Brocklehurst, 2009 ). This study raised questions about factors associated with ethnic differences in severe maternal morbidities such as differences in access to care. Local and qualitative studies of minority ethnic women in the UK have also highlighted poorer health outcomes and inequalities in access to information and maternity care linked with factors such as lack of English fluency and constrained material circumstances (Jayaweera, D'Souza, & Garcia, 2005; Katbamna, 2000) . There is recognition of gaps in data collection and analysis restricting interpretation of results and a call for more information on mothers' countries of birth, languages spoken, and length of residence for migrants in receiving societies, to gain a fuller understanding of maternal health inequalities (Pollock & King, 2009 ).
In the wider UK population, the limited evidence suggests that most migrants have relatively good health but that the health status of some migrants deteriorates after arrival (Johnson, 2006) . In some accounts the concept of 'acculturation' e the adoption of norms, values and behaviour in the receiving society e is used to explain changes in migrants' healthe for instance, the impact of increased levels of smoking and processed diets on cardio-vascular disease and cancer (Zaman & Mangtani, 2007) . But there is also recognition of theoretical and empirical limitations of using models of acculturation to understand migrants' health (Abraldo-Lanza, Armbrister, Florez, & Aguirre, 2006; Hunt, Schneider, & Comer, 2004) . Other accounts place greater emphasis on structural barriers to good health and care such as socio-economic deprivation including substandard housingand poor quality food, migrants' lack of knowledge of, access to and uptake of screening and immunisation, and inadequacy and insensitivity in support e including language support e given by healthcare providers (Johnson, 2006) .
Thus, while there is growing concern about the health of migrants and barriers they face in accessing healthcare, much evidence in national data sets has not yet been extracted for migrants given primary focus on ethnic inequalities in health. The aim of this paper is to examine the relationship between country of birth (born in the UK/born abroad), length of residence in the UK, and ethnicity, and health status, health behaviour and healthcare use, through secondary analysis of a population-based study of mothers of infants. The term 'migrant' is used in this paper in the broadest sense to refer to mothers born outside the UK. The research question addressed is whether there is specifically a migrant penalty or benefit in health for such mothers, taking into account length of residence, ethnic, demographic and socio-economic differences. The results reported in this paper strengthen the evidence base on the health of migrants and their healthcare use in the UK over time, and provide new insights for policy making and service delivery as well as identifying gaps in the evidence base for future research.
Methods
The Millennium Cohort Study (MCS) is a national longitudinal birth cohort study which follows a sample of children born in the United Kingdom at the beginning of the new millennium (Dex & Joshi, 2005; Plewis, 2007) . Sweep 1 of the study was carried out in 2001e2002 when infants were about 9 months old. The sample included 18,818 infants selected from child benefit records. Families not eligible for universal benefits, such as those with legal statuses that preclude them from access to public funds and services were not eligible for the MCS. Among the excluded are those most likely to face barriers in accessing free healthcare, such as undocumented migrants and failed asylum seekers (Medact, 2007) . The sample design was a random two-stage sample by electoral ward with oversampling of families living in the smaller UK countries, in high ethnic minority density wards (electoral wards in England where at least 30% of residents were from a (Black or Asian) minority ethnic group in the 1991 Census), and in wards in all four UK countries which were in the poorest quarter of the Child Poverty Index. The interview response rate was 85% for the UK sample (Plewis, 2007) . In Sweep 1, 1% of main interviews were done in a language other than English and 3% in English and another language (Hansen, 2008) .
Participants
The analyses reported in this paper are based on data collected in Sweep 1 on health and socio-economic circumstances of families.
Record linkage with birth registration data provided countries of birth of mothers . Date of arrival of non-UK born mothers was provided in Sweep 2 when children were three years old, and was ascertained by the question 'When did you come to the UK to live?' We identified 17,258 biological mothers with information on whether born in the UK or abroad. Among 2327 mothers born abroad, that is, anywhere other than in the four UK countries (hereafter, migrant mothers), 489 (21.0%) had country of birth recorded in Sweep 1 but no date of arrival recorded in Sweep 2. Higher proportions among Bangladeshi and Black African, than other minority ethnic mothers born abroad had no information on date of arrival (see Table 1 ). In order to assess non-response bias we compared mothers with and without date of arrival. There were no significant differences in general between mothers with and without date of arrival by age or educational qualifications but mothers with no date of arrival were significantly less likely to speak any English at home (p-value < 0.05). The analyses of health variables by country of birth included migrant mothers with no date of arrival but they were excluded from analyses by length of residence.
Measures
We analysed the health status, health behaviour and healthcare use of mothers according to: country of birth; ethnicity; and for migrants, length of residence in the UK. In the survey, ethnic group was self-defined by mothers with reference to 2001 Census categories. We grouped mothers as: White British/Irish, Other White, Indian, Pakistani, Bangladeshi, Black Caribbean and Black African, omitting 'Mixed' and 'Other' categories as these categories were too diverse in ethnic and geographical composition to be meaningful for analysis.
We do not think that in general there are serious implications of combining mothers classifying themselves as White British and as White Irish within the ethnic group classifications used in the MCS particularly taking into account small sample sizes. Other studies based on the MCS have used a similar ethnic grouping e see Hawkins, Lamb, Cole, Law and the Millennium Cohort Study Child Health Group (2008) . We have also used a combined White British/Irish category as the baseline in the analysis of migrant mothers because we felt that they could be distinguished from other migrant ethnic group categories historically, and for reasons of small sample size among White Irish.
Among migrant mothers, we calculated length of residence by subtracting year of arrival in the UK from year of first interview (2001 or 2002) . We grouped lengths of residence in 3 year bands: 3 years (i.e. arrived 1998/1999); 4e6 years; 7e9 years; 10 years. The earliest date of arrival among mothers was 1962.
In the survey, mothers were asked to describe their general health according to the categories excellent, good, fair and poor. Selfperceived health is considered a reliable measure of health, an important predictor of morbidity and mortality and valid for different ethnic groups (Chandola & Jenkinson, 2000; Idler & Benyamini, 1997) . We created a binary variable e good (excellent/ good) and poor (fair/poor). Depression was assessed using a (modified) malaise inventory score. Nine of the original 24 items used in studies of general population samples were used in the MCS (Sacker, Quigley, & Kelly, 2006 ) and a score of 4 was classified as depressed/ anxious (Kelly, Bartley, Schoon, & Hope, 2004) . Indicators of health behaviour were any smoking and alcohol consumption at the time of interview. The healthcare use variables for mothers were: whether they received any antenatal care and whether they attended any antenatal classes. For the latter measure we focused on mothers whose cohort infant was firstborn, as multiparous women in the MCS were less likely to attend antenatal classes (Jayaweera, Joshi, Macfarlane, Hawkes, & Butler, 2005) . The final variable was whether the cohort infant had received any immunisations. All infants born in the UK are routinely offered immunisations in the first 4 months of life (Department of Health, 2008) .
The socio-demographic characteristics in the analysis were: mother's age at interview; highest educational qualifications using National Vocational Qualifications (NVQ) equivalence ('higher e NVQ 4/5', 'medium e NVQ 3', 'lower e NVQ 1/2', 'overseas qualifications', 'none'); whether cohort infant was first live birth or not (as a proxy measure of parity); employment status ('working/on leave/has worked in the past' and 'never worked'); occupational class e highest of mother or her partner classified by the National Statistics socio-economic classification ('managerial/professional' and 'other'); ward type used for the selection of the sample Table 1 Country of birth, length of residence in the UK and socio-demographic characteristics of mothers within ethnic groups, 2001e2002. ('ethnic', 'disadvantaged', 'advantaged'); language usually spoken at home ('only English'/'English and other languages', and 'only other languages'); lone parent or not at interview; and religion ('none', 'Christian/Catholic', 'Muslim', 'Hindu/Sikh', 'Other').
Statistical analyses
All analyses were carried out using weights and survey commands to take into account the clustered survey design. Hence, all proportions, means and odds ratios presented are weighted using sweep 1 weights; these allow for oversampling and nonresponse at sweep1. All confidence intervals and p-values account for clustering. Logistic regression analyses were carried out i) to examine the relationships that country of birth, and ethnicity, had with indicators of health status, health behaviour and access to healthcare in all mothers, and ii) to examine the relationships that length of residence in the UK and ethnicity had with the same indicators in migrant mothers only. The modelling strategy employed was to measure the independent associations between country of birth and ethnicity and the study outcomes, after allowing for potential confounding variables. Hence, "country of birth" and "ethnicity" remained in all models, irrespective of their association with the outcome. While country of birth and ethnicity were strongly associated with each other and with some of the confounding variables (Table 1) , there were always enough individuals in every combination of categories to estimate odds ratios and standard errors precisely. The only exception was the strong association between ethnicity and alcohol, which was addressed by excluding particular ethnic groups from the model. Adjustment was made for any of the socio-demographic variables described above which were significantly (p-value < 0.05) associated with the outcome after adjusting for all other variables in the model, that is, they significantly improved the fit of the model. In the analysis of length of residence in the UK, a test for linear trend was performed to determine whether the outcome changed as length of residence increased. Here, being resident for 3 years was used as the baseline and a linear trend odds ratio above one indicated an increase in the outcome as length of residence increased. In analyses by ethnic group for all mothers and for migrant mothers separately, the self-classified White British/Irish category was used as the baseline. This category includes mothers born in Germany, Australia as well as the Irish Republic. The statistical analysis was conducted using STATA Version 9.2.
Results

Migration patterns, ethnicity and socio-demographic circumstances
Analysis is based on 17, 258 mothers of whom 2327 were born outside the UK. Table 1 shows country of birth, and for migrant mothers, length of residence, within each ethnic group. Different patterns in each group reflect different migration trajectories. Black Caribbean mothers are mainly born in the UK or established migrants, while Black African, Bangladeshi and Other White mothers are largely migrant populations with substantial proportions of long term residents in the UK but also with fairly considerable proportions of more recent migrants. Indian mothers are the most established South Asian group. Table 1 also shows patterns of socio-demographic indicators by ethnic group. There are marked ethnic differences. Among ethnic groups with large proportions of migrants, Other Whites and Indians have the highest educational and occupational levels, while Pakistanis and Bangladeshis have the lowest. The proportion able to speak English fairly fluently is high overall among minority ethnic groups, as defined by whether English is spoken in the home. There are large proportions of lone parents among both Black Caribbean and Black African mothers. In both groups these are largely single, never married women, although among Black African migrant mothers there are also separated and married mothers living as lone parents. Most Pakistani and Bangladeshi mothers are of Muslim faith, but so are 29% of Black African mothers. However, our analyses for individual ethnic groups show that there are differences within ethnic groups in some indicators according to country of birth. For instance in all minority ethnic groups there are lower proportions of mothers born abroad with qualifications equivalent to NVQ 4/5 and with English fluency (p-value < 0.05, data not shown). Fig. 1 based on migrant mothers with date of arrival information shows a linear trend in some socio-economic circumstances according to length of residence. Overall, as mothers live in the UK for longer, they have higher educational, occupational and English fluency levels, are less likely to be economically inactive and to live in areas with high minority ethnic density. This is also apparent for individual ethnic groups for some indicators. For example there is a significant trend of increasing English fluency according to length of residence for Indian, Bangladeshi, Black African and Other White mothers and decreasing economic inactivity by length of residence for migrants in all minority ethnic groups (p-value < 0.05 for linear trend test, data not shown). These results suggest that considering country of birth and length of residence in analysing ethnic differences in socio-demographic circumstances of mothers provides valuable information. We next consider what implications country of birth, length of residence, ethnicity and socio-demographic patterns and trends have for mothers' health indicators.
Country of birth, length of residence, ethnicity and health Table 2 examines indicators of health status, health behaviour and access to healthcare by country of birth and by ethnic group for the entire sample including migrants with no date of arrival. Table 3 examines these health indicators for migrant mothers with a date of arrival, by length of residence and ethnic group. All significant relationships have been highlighted in bold.
Poor self-perceived general health
Results in Table 2 show that migrant mothers and most minority ethnic mothers are significantly more likely to say that they have poor general health than, respectively, UK born mothers and those classifying themselves as White British/Irish. After adjusting for ethnicity and socio-demographic variables, birth abroad is no longer significantly associated with poor general health. But after adjusting for country of birth and socio-demographic variables, Indian, Pakistani, Black Caribbean and Black African mothers are significantly more likely to report poor general health. This suggests that country of birth is less important than ethnicity as a factor associated with self-perceived health. Among migrant mothers, however, in the adjusted analysis both ethnicity and length of residence in the UK are significantly associated with poor general health (Table 3 ). There is a significant linear trend of poor general health with increasing length of residence (adjusted OR ¼ 1.24, 95% CI: 1.06e1.44, Table 3 ). Pakistani, Black Caribbean and Black African migrant mothers are significantly more likely to report poor health compared to White British/Irish migrant mothers after adjusting for socio-demographic variables and length of residence in the UK.
Malaise inventory score for depression
In the adjusted analysis, mothers born abroad are less likely to be depressed than UK born mothers, whereas mothers in Other White, Indian and Pakistani ethnic groups are significantly more likely to be depressed than White British/Irish mothers irrespective of country of birth and demographic and socio-economic differences ( Table 2 ). The adjusted analysis of migrant mothers show a significant linear trend of increasing depression with length of residence in the UK (adjusted OR ¼ 1.28, 95% CI: 1.07e1.53, Table 3 ) and more depression among mothers in Other White, Indian, Pakistani and Black Caribbean ethnic groups compared with White British/Irish migrant mothers. These results suggest that ethnicity may be important for predicting depression in mothers including those who are migrants, and there is an independent association between birth abroad and being less depressed, and between length of residence and increasing depression.
Smoking and alcohol consumption
Both migrant and minority ethnic mothers (except Black Caribbeans regarding smoking) are significantly less likely to smoke or drink alcohol than those who are UK born and those who are White British/Irish respectively (Table 2) . Of note are the very low rates of both smoking and alcohol consumption among Pakistani and Bangladeshi mothers. The lower rates of smoking in migrant mothers and in mothers who are Pakistani, Bangladeshi or Black African remain significant in the adjusted analysis suggesting that, as predictors, birth abroad and ethnicity are independent of each other and of other socio-demographic variables. Among migrant mothers, all ethnic groups except Other White and Black Caribbean categories are significantly less likely to smoke compared with White British/ Irish migrants, but there is no independent association between length of residence and smoking (Table 3 ). Owing to extremely low rates of alcohol consumption among Pakistani and Bangladeshi mothers, these groups were omitted from logistic regression models for alcohol. In the adjusted analysis birth abroad is not significantly associated with lower alcohol consumption whereas ethnic group remains significant even after excluding Pakistanis and Bangladeshis (Table 2) . Among migrant mothers, the adjusted analysis suggests that Indians and Black Africans have significantly lower rates of alcohol consumption compared with White British/Irish, but there is no independent association between length of residence and alcohol consumption (Table 3) .
Antenatal care, antenatal classes and infant immunisations
In unadjusted analyses, migrant and most minority ethnic mothers are significantly less likely to have antenatal care or attend antenatal classes (Table 2) . Of note are relatively high rates of reporting no antenatal care among Pakistani (10.5%) and Bangladeshi (11.6%) mothers. However, after adjustment for socio-demographic factors, neither country of birth nor ethnic group is significantly associated with antenatal care. The strongest predictors of reporting no antenatal care are younger maternal age, lower or no educational qualifications, never having worked, lower occupational class, and living in a high ethnic minority density ward. In the adjusted analysis of migrants, Pakistani mothers are significantly less likely to have antenatal care compared with White British/Irish mothers, but there is no independent association between length of residence in the UK and antenatal care (Table 3) .
In adjusted analysis of mothers whose infant was their firstborn, the relationship between country of birth and antenatal class attendance is not statistically significant whereas Pakistanis and Bangladeshis are significantly less likely to attend antenatal classes. Among migrant mothers, most ethnic minority groups are less likely to attend antenatal classes compared with White British/Irish migrants but attendance increases sharply with length of residence (Table 3 ). In adjusted analysis however, length of residence has a much weaker association with antenatal class attendance than does ethnicity; most notably, migrant Pakistani and Bangladeshi mothers are much less likely to attend classes compared with White British/Irish migrant mothers.
In the unadjusted analysis migrant mothers are significantly more likely to have received no immunisations for their cohort infant. Infants of Pakistani and Black Caribbean mothers are also significantly more likely to have no immunisations, with particularly high rates of non-uptake among Black Caribbeans (4.7%). In adjusted analysis however, country of birth is no longer significant, but ethnicity remains significant for Black Caribbean mothers. Among migrant mothers, neither length of residence nor ethnicity is significantly associated with receiving immunisations in both unadjusted and adjusted analysis. While again, infants of migrant Black Caribbean mothers show high rates of non-uptake (8.1%) the very small numbers of migrants among Black Caribbean mothers in the sample (n ¼ 39) suggests cautious interpretation of these results.
Discussion
For mothers in this study ethnicity appears to be significantly associated with most health indicators, independent of country of birth, length of residence, and demographic and socio-economic circumstances. This is so for the entire sample (UK born and born abroad) and migrants separately. Mothers particularly in nonWhite minority ethnic groups are more likely than White British/ Irish mothers to perceive that their health is poor, to feel more depressed, and to not access antenatal classes. However, they are less likely to smoke or consume alcohol. The independent association with ethnicity is less strong for antenatal care and immunisations. The high percentages of Pakistani and Bangladeshi mothers with no antenatal care appear to be related to their relatively poor socio-economic circumstances compared to mothers in other ethnic groups as seen in Table 1 . The possible existence of other barriers e information, transport, interpreting, care provider and/ or family support e which have been identified in accounts of maternal and child healthcare access and uptake, need to be recognised (Jayaweera, D'Souza, et al., 2005; Katbamna, 2000) . So while ethnic differences are important for differences in health indicators, other differences that exist between ethnic groups may be associated with some health inequalities. Our research, by comparing individual ethnic groups in multivariate analyses, supports and advances findings of previous studies of mothers of infants based on smaller scale local studies or focused on broader ethnic categories or White/non-White dichotomies in populationbased studies (Knight et al., 2009; Redshaw et al., 2007) .
Analysis of country of birth shows that migrant mothers are not a homogenous group; there are ethnic, length of residence, and socio-demographic variations. In unadjusted analyses migrant mothers appear to have worse health outcomes than UK born mothers, such as higher proportions with poor health and no healthcare use, but when adjusted for ethnicity and socio-demographic characteristics the association with country of birth disappears for most health outcomes. This suggests that it is not possible to say that there is a direct migrant penalty in health for mothers in this study without considering other differences among migrants that may be associated with health. However, there is an independent association of birth abroad with smoking and, to a lesser extent, with depression among mothers, with lower proportions relating to both indicators, suggesting the existence of a migrant benefit in some areas of health.
The relationship between length of residence of migrants and health outcomes and health behaviour is a relatively underresearched area especially when considered in conjunction with ethnic differences. Our results showed a complex picture. Of particular concern is our finding that there is a linear trend of increasing proportions of mothers reporting poor general health and depression with increasing length of residence after adjustment for ethnicity and socio-demographic variables, while in use of antenatal care, antenatal classes and infant immunisations there is no independent association with length of residence. Other studies have shown the existence of barriers to good health and healthcare use after arrival in the UK which relate closely to socio-economic deprivation experienced by many migrants in receiving societies (Johnson, 2006) . Our findings for mothers support such evidence, particularly in healthcare use among migrants where factors other than length of residence may play a part. However, our findings also suggest that factors important for one health outcome may not be as important for another, as the independent association between length of residence and poor general health and depression shows.
It is interesting that ethnicity is more important as a predictor of smoking and alcohol consumption among migrant mothers, than is length of residence. Another MCS study (Hawkins et al., 2008) as well as studies in the United States (Harley & Eskenazi, 2006) have used length of residence as a measure of 'acculturation' of migrants in adopting health behaviours characteristic of the majority population in the perinatal period. These include increased levels of smoking and alcohol consumption in pregnancy. Our findings among migrant mothers at around 9 months after birth show that while the linear trend of increasing smoking and alcohol consumption according to length of residence disappears after adjusting for ethnicity and socio-demographic variables, lower rates of smoking and alcohol consumption prevail among many minority ethnic groups even after adjusting for length of residence and socio-demographic circumstances.
Our results highlight the difficulties of disentangling the significance of length of residence from that of ethnicity and of socio-demographic circumstances and point to the importance of studying changes in migrants' health over time in a multi-faceted way. It is also important to consider the relationship between changes in socio-economic circumstances according to length of residence ( Fig. 1) and changes in health status, health behaviour and healthcare use. Among migrant mothers a linear trend in improving socio-economic circumstances with length of residence is not always associated with better health outcomes or changes in health behaviour. Such findings call into question the use of simple linear models of 'acculturation' to understand changes in health of migrants (Abraldo-Lanza et al., 2006) .
Limitations of the study include lower survey response rate in 'ethnic wards' and missing date of arrival for around one fifth of migrant mothers, both of which may lead to bias or affect the generalisability of the results. Information on smoking and alcohol consumption patterns were based on mothers' self ereport and may underestimate actual levels (Walsh, Redman, & Adamson, 1996) . We could not contribute to other evidence that chewing tobacco products prevails among Bangladeshi women who generally report low levels of smoking (Sproston & Mindell, 2006) , as there were no relevant questions in the MCS. The ethnic category 'Black African' among mothers masks diversity in religion (Table 1) and country of origin; among Black African mothers with country of birth information around 20% were born in Somalia, 15% in Nigeria and 12% in Ghana. Health evidence for Black Africans as an ethnic category may hide differences in such a diverse sample and therefore it is important to collect information for a larger number of mothers to enable more accurate analyses. This argument also applies to mothers in the Other White category.
Implications for research, policy and practice
Our findings on the health status, health behaviour, and healthcare use among mothers of infants in this paper suggest there are positive and negative health indicators associated with ethnicity, country of birth, and length of residence in the UK, and that it is difficult to disentangle these relationships. Presenting results on only one of these factors e i.e. ethnicity versus country of birth versus length of residence e could lead to misinterpretation of associations and thereby wrong conclusions. Future studies and administrative data should collect and analyse information on ethnicity, country of birth and length of residence in addition to relevant socio-demographic and lifestyle factors. Further, we were not able to consider if the relatively high rates of no antenatal care among Pakistani and Bangladeshi mothers were linked with barriers to antenatal care use within source countries. Future research should collect data on source country health indicators among migrants.
In an age where there is not only increasing migration to the UK but also increasing diversity of migrants based not just on countries and regions of origin but also reasons for migration and (changing) immigration status in the UK, the currently prevailing gap in collecting information from all categories of migrants in populationbased health surveys needs to be addressed. There is widespread local evidence that pregnant women, new mothers and their infants form a significant risk category among undocumented migrants and failed asylum seekers whose rights to free healthcare are constantly under threat from changes in government charging policies for overseas visitors (McLeish, 2002; Medact, 2007) . It is important that research on experiences and needs of such vulnerable migrants who have a high degree of dependence on health services at their particular life cycle stage, be conducted if we are to fully understand patterns of and factors underlying health and healthcare among migrants as a whole.
Our research showing poorer health and use of care among migrant mothers mediated by socio-economic factors, thus supports the recommendations of the most recent CEMD report, and of organisations campaigning for the rights of vulnerable migrants, that the health status and access to care of pregnant migrant women need careful monitoring (Lewis, 2007; Medact, 2007; Medecins du Monde, 2007) . However, the CEMD report also identified Black Caribbean mothers, who are less likely to be recent migrants, as having nearly four times the risk of death as White women. Given our evidence that ethnicity coupled with socio-economic circumstances are factors for poor health and healthcare use among mothers in some minority ethnic groups even after adjustment for country of birth or length of residence, we support the recommendations of the CEMD report and other bodies (Healthcare Commission, 2008 ) that difficulties associated with accessing and using care among broader groups of vulnerable mothers e such as a substantial proportion of Pakistani and Bangladeshi mothers in the MCS sample, whether UK born or not and whether recent migrants or established residents e should be acknowledged and addressed. Our findings thus support the wider focus on understanding and addressing cross-cutting social determinants of health, as they relate to health service objectives and in the development of a national health inequalities strategy (Health Inequalities Unit, 2008; Marmot et al., 2010) and suggest the importance of extending this to a broader minority ethnic population, whose health experiences and needs might not be sufficiently captured within current policy and practice.
